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PROCESSOR FREQUENCY MAINLY
DEPENDING ON A TARGET FRAME RATE
WHILE PROCESSING A GRAPHICS
APPLICATION

TECHNICAL FIELD

This application is directed, in general, to processors and,
more specifically, to a clock frequency controller for a pro-
cessor and a method of operating the same.

BACKGROUND

Computing systems are often designed around a fine bal-
ance of power consumption and performance. Demand for
ever-higher computing performance continues to outpace the
power availability of modern systems. Many modern com-
puting systems are categorized as mobile and rely on battery
power. These include laptop computers, tablets and cell-
phones. Significant achievements have been made in battery
technology yielding smaller, more efficient, and often reus-
able cells. However, processing demands, driven by high-
bandwidth software applications and high-fidelity graphics
rendering, too often negate those achievements. High-perfor-
mance computing systems can drain the most advanced bat-
tery in a relatively brief period of time.

Power efficiency has become a hallmark of computing
system design, driving advances in energy efficient commu-
nication protocols, displays and processing. Wireless com-
munication networks rely heavily on a robust electrical grid
and battery technology to power high frequency antennas,
transmitters and receivers. Display technology has evolved
from simple mono-color liquid crystal displays (LCDs), to
multi-color LCDs, to touchscreens and light emitting diode
(LED) displays. Processing speed, a basic measure of micro-
processor performance, is restrained by a system’s ability to
power high performance processors and to dissipate the heat
generated by such components. High-speed processors per-
form more operations per second, demanding more energy
and generating more heat than slower alternatives. Heat may
be dissipated by mechanisms as simple as cooling fans and
heat sinks; or as elaborate as liquid cooling systems. More
often than not, cooling systems demand even more power
from the system. These consequences combine effectively to
tamp down microprocessor performance in the name of
reduced power consumption.

Power management features appear on many computing
devices, aiding in striking the balance of power efficiency and
performance. Such features include powering down idle con-
nections, displays and even processes, conserving energy for
peak usage periods. Another example is to dynamically scale
the clock frequency of a microprocessor, or central process-
ing unit (CPU). Dynamic frequency scaling, or “CPU throt-
tling,” allows a computing system to adjust the speed of a
microprocessor to meet the operational processing demand of
a current processing load. Under high processing load, the
clock frequency may be scaled up allowing the computing
system to execute more operations per second and to consume
more power. Likewise, under low processing load, the clock
frequency may be scaled down to conserve power as there are
more available clock cycles than there are operations to
execute. In other words, in a period of time when the proces-
sor is under-loaded, there are “wasted” clock cycles.

CPU processing load is a valuable measure of a computing
system’s performance. If a system is over-loaded, the pro-
cessing load exceeds the processing bandwidth of the sys-
tem’s processing cores. Dynamic frequency scaling based on
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processing load allows the system to recognize the processing
load and scale up the processor speed (or speeds in a multi-
core system), thereby broadening the processing bandwidth
of'the system. Conversely, the processing bandwidth is tight-
ened under low processing load conditions.

As more computing systems have become restrained by
power availability, dynamic frequency scaling has become
more prevalent. Monitoring processing loads on micropro-
cessors has been the lynchpin in understanding and appropri-
ately scaling processor speeds yielding the power efficiency
necessary to meet the high performance demands on modern
computing systems.

SUMMARY

One aspect provides a processor, including (1) a processing
core operable at a clock frequency to undertake a processing
of'a graphics application, and (2) a clock frequency controller
coupled to the processing core and operable to adjust the
clock frequency based on a current frame rate of the process-
ing and a target frame rate for the processing.

Another aspect provides a method of scaling a clock fre-
quency of a processing core processing a graphics applica-
tion, including: (1) determining a current frame rate, and (2)
scaling up the clock frequency if the current frame rate is
below a target frame rate.

Yet another aspect provides a computing system operable
to execute an application for generating graphics at a target
frame rate, including: (1) a display device operable to display
the graphics at a current frame rate, (2) a display controller
configured to determine the current frame rate, and (3) a
variable frequency processor couplable to the display con-
troller and including: (3a) a processing core operable at a
clock frequency to undertake a processing of the application,
and (3b) a clock frequency controller associated with the
processing core and operable to adjust the clock frequency
based on a current frame rate of the processing and a target
frame rate for the processing.

BRIEF DESCRIPTION

Reference is now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

FIG.11s ablock diagram of one embodiment of a comput-
ing system within which a clock frequency controller or a
method of scaling clock frequency may be contained or car-
ried out;

FIG. 2 is a block diagram of one embodiment of a comput-
ing system containing a clock frequency controller for a pro-
cessor; and

FIG. 3 is a flow diagram of one embodiment of a method of
scaling clock frequency.

DETAILED DESCRIPTION

It is realized herein that dynamic microprocessor clock
frequency scaling is more effective when more tightly
coupled to a perceptible output of the host computing system,
more specifically, the frame rate at which graphics are ren-
dered and later displayed. The conventional approach of
employing the current processing load to decide whether the
clock frequency should be scaled up or down is a degree
removed from a dominating element of the processing load:
graphics rendering. It is realized herein the rate at which
graphics are rendered in a computing system, or simply the
“frame rate,” is an invaluable metric having a useful and
exploitable correlation with the power demands of the micro-
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processor. It is further realized herein that target frame rates
are real, ascertainable numbers that are often related to dis-
play hardware (vertical synchronization or refresh rates), user
settings or profiles, application settings or system configura-
tion. A computing system’s failure to meet a target frame rate
is a perceptible shortcoming and therefore, graphics render-
ing is generally given priority over system processing
resources, if resources are not dedicated entirely.

Although graphics rendering is a dominant component of
the system processing load, it is rarely the only component. It
is realized herein that of the system processing load compo-
nents, graphics rendering is one of few large sustained pro-
cessing loads. It is also realized herein, for many mobile
computing systems, the processing load is focused on a single
active application, and mobile applications are often rela-
tively graphics intensive. More generally, in many more com-
puting systems, graphics rendering often dominates the pro-
cessing load in a given instant as well as over time. Itis further
realized herein this correlation makes a system’s frame rate a
well suited metric for driving dynamic clock frequency scal-
ing. It is also realized herein the frame rate can be used in
conjunction with the conventional processing load metric to
make a two stage scaling decision.

It is realized herein significant power savings may be had
by scaling down or maintaining current clock frequency when
the current frame rate either meets or exceeds the target frame
rate. Conversely, clock frequency is scaled up when the target
frame rate is not being met. It is realized herein that conven-
tional dynamic clock frequency scaling employing process-
ing load as the determinative factor would needlessly scale up
the clock frequency when the processing load is near, at or
above the sustained load limit, although the target frame rate
is being met. The processing load falls accordingly, but no
further perceptible objective of the system or the application
being executed on the system is being achieved. The proces-
sor is simply running faster, consuming more power and
generating more heat. The clock frequency controller and
method of clock frequency scaling introduced herein resolve
such inefficiencies by employing frame rate, which is a more
precise measure of computing system performance and tends
to yield a more power efficient dynamic clock frequency
scaling regime.

Before describing various embodiments of the clock fre-
quency controller and method of frequency scaling intro-
duced herein, one example of a computing system within
which the clock frequency controller or method of clock
frequency scaling may be embodied or carried out will be
described.

FIG. 1 is a block diagram of one embodiment of a comput-
ing system 100 within which a clock frequency controller or
a method of scaling clock frequency may be contained or
carried out. Computing system 100 includes a processor 102,
a memory 104, mass storage 106 and input/output devices
108, all coupled to a system bus 110.

Input/output devices 108 may be a variety of peripheral
devices coupled to computing system 100. Common devices
include: displays, a keyboard, a mouse, a trackball, a printer,
a scanner, speakers and others. Input/output devices 108 are
mechanisms of data entry and retrieval from computing sys-
tem 100.

Processor 102 carries out a number of operations per sec-
ond according to instructions embedded in a program in
memory 104. Access to those instructions is had through
system bus 110. Operations carried out by processor 102 are
performed on input data stored in memory 104 and yielding
output data also stored in memory 104. In certain embodi-
ments, memory 104 is random access memory, or RAM. In
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the embodiment of FIG. 1, input and output data flows from
memory 104 to processor 102 via system bus 110. Input and
output data may originate from a variety of sources, including
other programs, mass storage 106 or input/output devices
108.

Mass storage 106 is a large memory block external with
respect to the computing system. In certain embodiments,
memory 104 may be local to a circuit board on which proces-
sor 102 resides, while mass storage 106 is remotely coupled
via a communication bus. Mass storage 106 may be virtually
any form of high capacity memory, including: solid state or
“flash” memory, tape, magnetic disks, platters and many
other electro-mechanical storage types. The communication
buses sufficient to couple mass storage to system bus 110 and
thus computing system 100 include: universal serial bus
(USB), serial advanced technology attachment (SATA), small
computer system interface (SCSI), FireWire®, peripheral
controller interface (PCI®), PCI Express®, Ethernet, Infini-
band® and other high speed buses. Mass storage 106 is often
used as a storage location for processed data that is remote to
the data currently being processed by processor 102. For
example, if computing system 100 were to be rendering an
image, the final product, i.e., the image, would likely be
stored in mass storage 106. Memory 104 is generally reserved
for short term, temporary or otherwise volatile data immedi-
ately necessary to processes and operations carried out by
processor 102.

Having described one example of a computing system
within which the clock frequency controller or method of
clock frequency scaling may be embodied or carried out,
various embodiments of the clock frequency controller and
method of clock frequency scaling will be described.

FIG. 2 is a block diagram of one embodiment of a comput-
ing system 200 containing processor 102 of FIG. 1 coupled to
memory 104, mass storage 106, also of FIG. 1. Processor 102
is also coupled to a display controller 214, and consequently
a display 216, an output device 202 and an input device 204.
Output device 202 may be one of several of input/output
devices 108 of FIG. 1, including a display, printer or speaker.
Input device 204 may also be one of several of input/output
devices 108 of FIG. 1, including a keyboard, mouse or scan-
ner. Alternate embodiments may employ a variety of other
devices as output device 202 and input device 204.

Display 216 is configured to display a sequence of com-
puter graphics images generated by executing a graphics
application on processor 102. Display 216 is operable to
display a single image, or frame, in a given instant. Each time
the displayed image is updated to the next in the sequence of
images is a refresh cycle. The rate at which display 216
displays images is the refresh rate. Most displays have a stated
refresh rate above which the display cannot operate. As the
graphics application is executed in processor 102, graphics
arerendered at a frame rate, effectively representing the speed
atwhich graphics are rendered. Rendered graphics are passed
along to display 216 through display controller 214. In certain
embodiments display controller 214 carries out rendering
operations based on data and instructions obtained from pro-
cessor 102 and memory 104.

Processor 102 contains a control unit 206, an arithmetic
logic unit (ALU) 208, a clock 210 and a clock frequency
controller 212. Memory 104 is coupled to control unit 206
and ALU 208, allowing control unit 206 to gain access to
instructions and direct ALU 208 to memory locations con-
taining data to be operated on according to those instructions.
Clock 210 operates at a clock frequency and dictates the
number of operations carried out by processor 102 per second
via a coupling of clock 210 to control unit 206. The clock
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frequency of clock 210 is scalable during operation, other-
wise known as dynamically scalable. Certain embodiments of
clock 210 have at least an upper frequency limit that repre-
sents a maximum number of operations processor 102 may
carry out per second. Other embodiments may also have a
lower frequency limit.

In the embodiment of FIG. 2, a target frame rate is specified
and is known by clock frequency controller 212. Display
controller 214 tracks the times at which each frame is dis-
played on display 216 in addition to a target time. Over the
course of two or more refresh cycles, the frame rate at which
images are displayed on display 216, or “current frame rate,”
is determinable by either display controller 214 or in certain
embodiments, clock frequency controller 212. The current
frame rate is compared to the target frame rate by clock
frequency controller 212 and a decision is made as to whether
the clock frequency of clock 210 should be increased, main-
tained or decreased. If the current frame rate determined via
display controller 214 is below the target frame rate, clock
frequency controller 212 increases, or scales up, the clock
frequency of clock 210 to increase the processing rate of
processor 102 and ultimately the current frame rate. If the
current frame rate is at or above the target frame rate, clock
frequency controller 212 may reduce the clock frequency of
clock 210 so that fewer clock cycles are wasted and the target
frame rate can still be met. Clock 210 is configured to then
modify a clock signal according to the new clock frequency
and transmit the clock signal such that control unit 206 carries
out operations at the appropriate speed.

FIG. 3 is a flow diagram of one embodiment of a method of
scaling clock frequency. The method begins in a start step
310. In a step 320 a current frame rate is determined for
graphics rendered by processing a graphics application on a
computing system. The computing system includes a proces-
sor having a clock and operating at a clock frequency. The
processor operates under a current processing load that is also
determined in step 320. The current processing load is com-
pared to a target processing load for the processor in a step
330. A preliminary decision is made as to whether the clock
frequency should be scaled up or down based on the process-
ing load comparison. If the current processing load is below a
target load, then the preliminary decision is to scale down the
clock frequency. Conversely, if the current processing load is
above the target load, then the preliminary decision is to scale
up the clock frequency. The target load may be characterized
in a variety of ways. One such way is to simply define a target
percent load. Alternatively, margin can be designed into that
definition and a target load band is defined. A specified target
load is still used, but with a plus-or-minus tolerance associ-
ated. For example, a target loading of 100% is defined with a
plus-or-minus 10% margin. If the current processing load is
between 90% and 110%, then the preliminary decision would
be to maintain the current clock frequency. If the processor is
operating outside of that target band, then the logic above
applies and the preliminary decision is to either scale up or
scale down the clock frequency. Note that operating above
100% processing load simply means instructions are queuing
up for the processor to execute, whereas operating below
100% processing load indicates unused clock cycles.

The graphics rendering carried out by the computing sys-
tem has an associated target frame rate that is compared in a
decisional step 340 to the current frame rate determined in
step 320. Depending on the preliminary decision made in step
330, the comparison in step 340 directs the decision logic
down a different path. If the current processing load is below
the target load and the preliminary decision from step 330 is
to scale down the clock frequency, and the current frame rate
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is below the target frame rate, the clock frequency of the clock
residing in the processor is scaled up in a step 350 to increase
the number of operations carried out per second. The scaling
up of the step 350 allows the processor to work faster and
increases the frame rate, which is the speed at which graphics
are rendered. Assuming the current processing load is still
below the target load, if the current frame is at or above the
target frame rate, the clock frequency is scaled down in a step
360. The scaling down of the step 360 reduces the number of
wasted clock cycles in the processor while still meeting the
target frame rate. The reduced clock frequency, consequently,
reduces the power consumption of the processor and also the
cooling load of the computing system as a whole. If, however,
the current processing load is at or above the target load, and
the preliminary decision in step 330 is to scale up the clock
frequency, then the clock frequency will either be scaled up
accordingly or maintained. If the current frame rate is below
the target frame rate, then the preliminary decision from step
330 to scale up the clock frequency is confirmed at the clock
frequency scaled up. If the current frame rate is at orabove the
target frame rate, then the preliminary decision is overridden
and the current clock frequency is maintained. The method
ends in an end step 360.

Those skilled in the art to which this application relates will
appreciate that other and further additions, deletions, substi-
tutions and modifications may be made to the described
embodiments.

What is claimed is:

1. A variable frequency processor, comprising:

a processing core operable at a clock frequency to under-

take a processing of a graphics application; and

a clock frequency controller coupled to said processing

core and operable to adjust said clock frequency based

on a current frame rate of said processing, a target frame

rate for said processing, a current load of said variable

frequency processor, and a target load for said variable

frequency processor, said clock frequency controller

configured to:

make a preliminary decision to scale down said clock
frequency if said current load of said variable fre-
quency processor is below said target load;

make a preliminary decision to scale up said clock fre-
quency if said current load of said variable frequency
processor is above said target load;

increase said clock frequency if said current frame rate is
below said target frame rate irrespective of said pre-
liminary decision;

decrease said clock frequency if said current frame rate
exceeds said target frame rate and said preliminary
decision is to scale down said clock frequency; and

maintain said clock frequency if said current frame rate
exceeds said target frame rate and said preliminary
decision is to scale up said clock frequency.

2. The variable frequency processor recited in claim 1
wherein said processor is a central processing unit.

3. The variable frequency processor recited in claim 1
wherein said graphics application generates graphics to be
displayed on a display device having a refresh rate related to
said target frame rate.

4. The variable frequency processor recited in claim 1
wherein said target frame rate is dependent upon said graph-
ics application.

5. The variable frequency processor recited in claim 1
wherein said clock frequency controller is further operable to
compute said current frame rate based on a weighted average
of recent frame times.
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6. A method of scaling a clock frequency of a processing
core processing a graphics application, comprising:

determining a current frame rate and current processor

load;

making a preliminary decision to scale down said clock

frequency if said current processor load is below a target
processor load;

making a preliminary decision to scale up said clock fre-

quency if said current processor load is above said target
processor load;

scaling up said clock frequency if'said current frame rate is

below atarget frame rate irrespective of said preliminary
decision;
scaling down said clock frequency if said current frame
rate exceeds said target frame rate and said preliminary
decision is to scale down said clock frequency; and

maintaining said clock frequency if said current frame rate
exceeds said target frame rate and said preliminary deci-
sion is to scale up said clock frequency.

7. The method recited in claim 6 further comprising main-
taining said clock frequency if said processing core is oper-
ating above a processing load limit and said current frame rate
at least equals said target frame rate.

8. The method recited in claim 6 wherein said determining
comprises determining said current frame rate based on a
current frame time and a target frame time.

9. The method recited in claim 6 further comprising dis-
playing graphics yielded by said graphics application on a
display device having a refresh rate.

10. The method recited in claim 9 wherein said target frame
rate is based on said refresh rate.

11. The method recited in claim 6 wherein said processing
core is a central processing unit.

12. A computing system operable to execute an application
for generating graphics at a target frame rate, comprising:

a display device operable to display said graphics at a

current frame rate;

a display controller configured to determine said current

frame rate; and
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a variable frequency processor coupled to said display
controller and including:
aprocessing core operable at a clock frequency to under-
take a processing of said application, and
a clock frequency controller associated with said pro-
cessing core and operable to adjust said clock fre-
quency based on a current frame rate of said process-
ing, a target frame rate for said processing, a current
load of said variable frequency processor, and a target
load for said variable frequency processor, said clock
frequency controller circuit configured to:
make a preliminary decision to scale down said clock
frequency if said current load of said variable fre-
quency processor is below said target load;
make a preliminary decision to scale up said clock
frequency if said current load of said variable fre-
quency processor is above said target load;
increase said clock frequency if said current frame
rate is below said target frame rate irrespective of
said preliminary decision;
decrease said clock frequency if said current frame
rate exceeds said target frame rate and said prelimi-
nary decision is to scale down said clock frequency;
and
maintain said clock frequency if said current frame
rate exceeds said target frame rate and said prelimi-
nary decision is to scale up said clock frequency.
13. The computing system recited in claim 12 wherein said
variable frequency processor is a central processing unit.
14. The computing system recited in claim 12 wherein said
clock frequency controller is further operable to compute said
current frame rate based on a weighted average of recent
frame times.
15. The computing system recited in claim 12 wherein said
display controller is further operable to compute said current
frame rate based on a weighted average ofrecent frame times.
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